Introduction {#sec1-1}
============

Androgenetic alopecia (AGA) is an androgen-dependent alopecia resulting from the conversion of scalp terminal hair into miniaturized vellus hair in a characteristic pattern manifested as progressive, patterned hair loss that occurs in genetically predisposed individuals.\[[@ref1]\]

The frequency and severity of AGA increase with age and at least 80% of Caucasian men and 50% of women show evidence of AGA by the age of 70 years.\[[@ref2]\] The age of onset of AGA in women is later than that seen in men.\[[@ref3][@ref4]\] Pigmented terminal hairs are progressively replaced by finer hair, which are short and virtually nonpigmented.\[[@ref5]\] The pattern of hair loss and the clinical presentation of AGA in women differ from that in men. Women may present with either an episodic or continuous increase in hair shedding without any noticeable reduction in hair volume, increased hair shedding with loss of hair volume over the crown, or diffuse thinning over the crown with no history of hair shedding.\[[@ref6]\]

Ludwig described hair changes in female AGA (FAGA) in three grades according to the severity of hair loss (Grade I, II, and III).\[[@ref7]\]

Zinc is an essential trace element involved in various biological functions, including DNA synthesis, gene expression, hormone control, enzymatic reactions, and cell proliferation. Zinc is involved, either as a structural element or a regulatory factor or both\[[@ref8]\] and has a role in important functional activities within the hair follicle. It also accelerates hair follicle recovery and is a potent inhibitor of hair follicle regression. Many reports point out to the role of zinc in different cases of AGA, and some patients with alopecia have zinc and some other trace element deficiencies.\[[@ref9][@ref10]\]

Iron is the most abundant trace element in humans. It mediates chemical reactions that are critical for life, forming part of the enzymes implicated in DNA synthesis and cell respiration. An earlier study demonstrated that the mean ferritin level in patients with AGA was significantly lower than that in normal individuals without hair loss.\[[@ref11]\]

It is often believed that the trace element content of hair reflects the total body trace element status and the extent of environmental or occupational exposure. Furthermore, serum levels of trace elements may vary depending on many factors such as dietary intake and even with daily rhythm, while hair is a stable specimen from which stable and long-lasting results can be obtained.\[[@ref12][@ref13]\]

In the current study, female patients with AGA were selected because we assumed that factors other than androgens, like trace elements, might be involved in the etiopathogenesis of FAGA. Suggestive evidence for this hypothesis was that the number of androgen-sensitive receptors at the female frontal area were approximately 40% lower than that in male and 5α-reductase I and II enzymes activities in this area had a 2 and 3.5 times less activity than those in man.\[[@ref14]\] Even more, the aromatase enzyme activity at the frontal area in women was 6 times more active than that in men.\[[@ref15]\]

The purpose of this study was to assess the serum and hair levels of zinc and iron in women with FAGA and to compare it with those in normal individuals and to demonstrate if there was any correlation between these elements and the grades of FAGA.

Patients and Methods {#sec1-2}
====================

Fifty-five women aged 20--45 years were selected in this study. It was conducted from May 2014 to November 2015 at Department of Dermatology, Basra Teaching Hospital, Basra, Iraq. The participants were divided into two groups: The first consisted of 27 women with clinical diagnosis of FAGA, while the second control group was 28 healthy women. The purpose of the study was explained to the participants, and all of them signed an informed consent. The study was approved by the Institutional Ethics Committee.

Exclusion criteria included: Women with FAGA who had other clinical feature of androgen excess such as hirsutism, acne, menstrual cycle disturbances or polycystic ovary syndrome, galactorrhea or virilization; patients who on hormonal therapy; women with any of the confounding factors capable of affecting serum micronutrient levels (pregnancy, lactation, malabsorption syndrome, malnutrition) as well as exposure to medication with the potential of causing alopecia or trace element supplement; and women who had undergone significant physiologic stresses such as surgery or fever before the onset of alopecia and those who had history of chronic diseases such as thyroid, liver, or kidney ailments. The diagnosis of FAGA was based on the following considerations: Slow progression of hair loss at the frontovertical site, visual confirmation of the presence of thin and short hairs in the vertex, and negative hair pull test. To classify the degree of FAGA, the Ludwig classification system was used.\[[@ref7]\] The control group was healthy volunteers and they were selected from patient\'s accompaniment, relatives, or attendee friends without FAGA, they matched for the same age and subjected to the same exclusion criteria.

All the participants provided details of their ages, duration of alopecia, medical history, family history of FAGA, and drug intake history. For determination of iron and zinc levels in serum samples, fasting venous blood was drawn into tubes without anticoagulant, centrifuged, and the resulted serum was kept frozen until trace elements analysis. One ml of serum was diluted to 10 ml final size with distilled water for trace element analysis.

Hair samples were cut near the scalp area with thin-blade stainless steel scissors from the frontovertical area, 5--10 cm away from frontal hairline, subsequently samples were accurately weighed to 1.000±0.300 g. Hair samples were washed with trace element-free detergent, and then, the samples were rinsed with distilled water more than once, dried at ambient temperature, and prepared for the wet digestion procedure.

The zinc and iron in hair samples must be released, firstly from the protein matrix by wet digestion method and then determined by atomic absorption spectrophotometer (AAS) using a Buck Model 211-VGP spectrophotometer according to operator\'s manual with a detection limit of 0.005 ppm for zinc and 0.05 ppm for iron.\[[@ref16]\]

Estimation of trace elements level was done by AAS, in this method, the flame conditions were fixed as recommended by the instrument manufacturer for both zinc and iron, with wavelengths 214 and 247 nm, respectively. The bandpass was 0.7 nm for zinc and 0.2 nm for iron and the measuring time was 3 s.\[[@ref17]\] Standard solutions of those elements were first aspirated to calibrate the AAS before the aspiration of the samples. Six concentrations of standards for each element were prepared using 1000 ppm STD supplied by Buck company, and their absorbance by the instrument was constructed in preparation of the calibration curve and autoexcuted by the software of the instrument \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. From the prepared standard curves, the concentration of each element (in serum or digested hair) was calculated using the following formula:

![Standard calibration curve of zinc](IJD-63-369-g001){#F1}
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Sample concentration = Read concentration × dilution factor

Values were expressed as mean ± standard deviation, significance level of difference was determined using the Student\'s *t*-test. Intergroup comparison analyzed by one-way analysis of variance (ANOVA). *P*\<0.05 was considered statistically significant. Analysis was carried out using GraphPad Prism software for Windows (version 5.0, GraphPad Software, Inc., SanDiego, CA, USA).

Results {#sec1-3}
=======

A total number of 27 women with FAGA and 28 normal controls were evaluated. The mean age of the patients was 32.03±8.6 years and the mean age of controls was 31.96±8.5 years. The mean duration of hair loss in the patients with FAGA was 2.59±1.31 years

The mean of serum zinc concentration level in the women with FAGA was significantly lower than that observed in the control group (65.6±14.2 μg/dl, 128.4±41.4 μg/dl, respectively) (*P*\<0.05), while serum iron concentration, although it was lower in patient group than in control (88.9 ± 22.3 μg/dl vs. 100.9 ± 18.9 μg/dl), but it was not significantly different \[[Figure 3](#F3){ref-type="fig"}\].

![Serum zinc and iron concentrations in patient with female androgenetic alopecia compared with control group. \*Represents highly significant difference when compared with control (*P*\<0.001)](IJD-63-369-g003){#F3}

Hair zinc concentration in FAGA group was significantly lower than that observed in control group (103.4±25.5 ppm and 143.5±33.1 ppm respectively), similarly, hair iron concentration in FAGA group (17.9±3.8 ppm) was significantly lower than in control group (26.9±7.4 ppm) \[[Figure 4](#F4){ref-type="fig"}\].

![Hair zinc and iron concentrations in patient with female androgenetic alopecia and control group. \*Represents highly significant difference (*P*\<0.001)](IJD-63-369-g004){#F4}

To determine whether zinc and iron levels in both hair and serum were correlated with severity of FAGA, patients were classified into three subgroups (I, II, and III) according to Ludwig\'s classification. The results showed that Grade I was reported in 10 patients (37.03%), Grade II in 13 (48.15%), and Grade III in 4 patients (14.81%). Except for hair iron, no significant difference in the level of zinc and iron was found among the different groups \[[Table 1](#T1){ref-type="table"}\] and no significant correlation between serum zinc and iron and hair zinc and iron levels within each group was determined \[Figures [5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}\].

###### 

Iron and zinc levels in Grade I, II and III FAGA groups
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![Correlation between hair and serum zinc in control group (a) and female androgenetic alopecia group (b)](IJD-63-369-g006){#F5}

![Correlation between hair and serum iron in control (a) and female androgenetic alopecia (b) groups](IJD-63-369-g007){#F6}

Discussion {#sec1-4}
==========

Hematological analysis using blood sample has been commonly used in the determination of trace element status in the body; while serum tends to show current or short-term body status, hair represents a depot for these elements, potentially for years, elements also accumulate in hair at a higher concentration, allowing for more sensitive and more analytically accurate results.\[[@ref17][@ref18][@ref19]\] Therefore, determination of trace elements in human hair can indicate more precisely the levels of these elements in the body.

In the present study, we found low hair and serum zinc levels in women with AGA in comparison to healthy controls (*P*\<0.05). There is an abundance of published studies focusing on the level of hair and serum zinc in alopecia, but very few studies address FAGA. Skalnaya *et al*. showed a regional variation in scalp hair zinc level with lower zinc content in the hair of frontal area in comparison to the occipital area in women with AGA.\[[@ref20]\] Other study by Kil *et al*. on healthy controls and patients with different types of alopecia including AGA, they noticed that serum zinc concentration in all patients was significantly lower than the control group. Nevertheless, they did not attempt to measure the zinc concentration in the hair itself. Jin *et al*. reported that the hair zinc level in male AGA (MAGA) patients was significantly lower than in hair of healthy men.\[[@ref21]\] On the other hand, Ozturk *et al*. investigated hair, serum, and urine zinc concentration in MAGA patients and the result was compared with control group; they found that only hair zinc level in MAGA patients was significantly lower than that in control, while serum and urine zinc levels did not exhibit changes.\[[@ref18]\] Although it was not significant, some other studies demonstrated lower serum zinc level in patient with AGA in comparison to normal individuals.\[[@ref22][@ref23]\] At animal experimental models, zinc has an ambivalent but potent modulator of murine hair growth and in chemotherapy induced alopecia, zinc significantly accelerates the re-growth of normally pigmented hair shafts and promotion of hair follicles recovery.\[[@ref9]\] Zinc has been shown to have an antiandrogenic potential and it specifically inhibits 5α-reductase type 1 and 2 activity, thus promoting hair growth.\[[@ref24][@ref25][@ref26]\] It also has considerable effect on hair growth in androgenic alopecia in a randomized, clinical study.\[[@ref25]\] It is difficult to explain the likelihood of low serum zinc levels in FAGA in the studied sample in comparison to healthy control, however, low dietary zinc intake or imbalance diet in genetically susceptible individuals are suggested.

Previous studies were focused on measurement of serum ferritin as an indicator of body iron store and its relation to different types of nonscarring alopecia including FAGA but did not evaluate hair iron concentration. Rasheed *et al*. evaluated serum ferritin in females with telogen effluvium and FAGA and showed that serum ferritin levels were significantly lower than that in controls.\[[@ref27]\] They proposed a threshold hypothesis, in which decreased iron stores would lower the threshold for developing different types of alopecia.\[[@ref27]\] On the other hand, a case--control study found no difference in the prevalence of depleted iron stores or the prevalence of iron deficiency anemia in FAGA patients compared with controls.\[[@ref28]\] We thought that hair iron level was as valuable as serum ferritin as a parameter of long-term iron body content.\[[@ref29]\] In the present study, except for hair iron we did not find significant difference neither in serum iron nor in serum and hair zinc levels in relation to grades of FAGA, although we expected that zinc and iron levels might correlate with the severity of alopecia. This might be attributed to the small sample size in each group. Even more, there was no significant correlation between the levels of zinc and iron in both serum and hair; this might be because of serum trace elements were subjected to fluctuation, not like hair which reflected a depot status.

Conclusions {#sec1-5}
===========

Serum and hair levels of zinc and iron were lower in FAGA patients than normal individuals and except for hair iron; levels were not correlated with the severity of alopecia.
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